Formation and structure of the ephippium (resting egg case) in relation to molting and egg laying in the water flea Daphnia pulex De Geer (Cladocera: Daphniidae).
Resting eggs produced by daphnid species in response to environmental deterioration play an important role in colonizing new habitats or in re-establishing extinct populations. Females lay resting eggs into the space within the dorsal part of their carapace and form an egg case called the ephippium to protect them. Previous studies mainly reported the morphology of the completely formed ephippium and/or the forming ephippium of an uncertain stage. To understand ephippium formation and to clarify key transitions in the formation of resting eggs, we examined the structure and formation of the ephippium in the water flea Daphnia pulex De Geer (Cladocera: Daphniidae) by stereomicroscopy, histology, and scanning electron microscopy. The females used in this study produced resting eggs by obligate parthenogenesis. We divided ephippium formation into four stages based on two molts and a single ovulation, as follows. Stage I begins 13 min after molting in adult females that do not ovulate. In Stage II, immediately after the first molt, a protuberance appears beneath the neck region and the carapace begins to thicken. In Stage III, the resting eggs ovulate and the carapace in the area of the forming ephippium becomes much thicker than the normal carapace and accumulates dark pigmentation. In Stage IV, following the second molt, the female sheds the ephippium with the enclosed resting eggs and forms a new carapace. These stages will provide a useful reference for future studies on resting egg formation.